Figure S1. Definitions of parameters and expressions of forces of the model
The force balance equation at any time and position can be described as follows. The total equivalent force is determined from the combination of upward magnetic force (F MU ), downward magnetic force (F MD ), drag force (F k ), and gravitational force (F g ).
(1) 
The equation can be modified using Tayler series.
Assume ≫ (small oscillation condition), the equation above is simplified as follows.
The linear second-order differential equation can be rewritten as follows.
The analytical solution of the linear second-order differential equation is well-known. At the oscillation condition, D shown below contains imaginary part . ., .
• •
Before the impulse is applied at the moment t=0, the oscillator is at neutral position that only gravity effect governs the constant vertical offset. Therefore, A, B, and C values can be determined by the boundary condition.
,
Then, the finalized equation becomes
From the Euler's formula, ,
This equation describes sinusoidal wave with constant vertical offset and exponential damping. A medium-scale FO-TEG based on a cylindrical tube was first fabricated ( Figure S6a ). The cylindrical structure is advantageous in terms of fabrication complexity, but accurate control of the diameter of the cylinder is required. The size of the FO-TEG can be further reduced for possible handheld applications ( Figure S6b ). In this case, acryl is not a desirable material due to possible cracking, so an alternative for the plastic material is required. Conceptually, the shape and size of the FO-TEG can be further flexibly engineered depending on the specific application. Figure S6c suggests three possible applications which can be further realized using the customized FO-TEG. The energy managing circuit and charging component are omitted in the schematics. The bracelet type FO-TEG can harvest hand swinging motion while walking or running in daily life. The battery-type FO-TEG can serve as self-chargeable battery that is also highly compatible with a conventional battery socket. The wave-based FO-TEG can convert the sinusoidal motion of water waves into electric energy to power wireless sensor networks in the ocean.
Detail Procedure of the Charge Calculation

